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(54) METHOD OF MANUFACTURING SILICON SINGLE CRYSTAL 

(57)Abstract 

PROBLEM TO BE SOLVED: To manufacture a silicon single crystal wafer with the CZ method under stable condition which is 
capable of improving in electric performance such as oxidation high withstanding voltage surely without belonging to a hole rich 
V region, an OSF region, and a between lattice silicon rich I region. 

SOLUTION: The method of manufacturing silicon single crystal wafer and silicon single crystal are characterized in that in the 
silicon single crystal water grown by the Czochralski method, in N region out side of OSF ring generated in ring state at the 
time of heat oxidizing process for all surfaces of the wafer, no defective region is existing which is to be detected by Cu 
deposition. 
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L JcKHC "J > i^fC^T SOS F ©flflij© N m 



tmzv tcmx. y > ^cc^-r s o s f ©jhm©n m 

M3£ L ftiHC V > y«K^ftt -S O S F ©JffflrJCON & 10 

«*» J:CF»3R*Tffl*s^C«: < ON i ffl$&Vx--^±m 
ftlOm Uttt»t©-C*& G i *#»iT y =i>|l 

SFCD^fflJON^-C^-pr, Cuf^aXCj:'] 

ft. 

tiling? 4] ^ 3 ^7;vx+-^cJ:i3^yn>m*S 

a*nrj«-rs»^tcfct»-c. ?LBf * ©~> 

©JfcS»**ilr*t/fc»^ OSFy^flWftKjSS 
T5Cuf*^H>KJ:Dtlll3 ft i^KffW^tt 
**«W©jSR«B£. 3 6&j«5i&£&;iflCl.fc«g- 

[I»*9T5] ? ■ * 5*^*-ftlc J: 0 'J a >«ts 30 

B^WfiSr^ii^Kifc^r. Wjssftfc^y^j&gii 
-5 x-^ icmwum>s:oitmic v > wkjsts o 

SF©^ffll©N^r*or. Cu-r^i^^a^tCiD 

ft*w«r4«*«c*»t»r. ?i±if*©^ y a>*is» 

©«fia«*af«ufc»^. o s f 

ncu a > tc j: 0 &m ^ tizxmmmnfimm 40 

fcM*Srffias£cuc< on i flww^raawojsRfi 

[SS*3§7] «MEttaW£fil*©5l±lfaS*0. 5 m 
m/mi n feLhi-T -5 Ci^Si-T ■5^*93^1^ 

[000 1 ] 50 



#f§2 0 02-201093 
2 

m o s f««*j j: cf i «w©ir»rn©5«i««r e> 
3 6fc«i7 r ^^^3>^sitcj;f?^m?n^<b 

fcK-rsfe©**^. 

[0 00 2] 

[^*©e«] ifi^tt. ^#0K©w»s{fcK^5^ 
^©aaafbcc^irv fromfcttcz* a? 

B«:JW-BaRS«*W*or*ri»4. wtc. fp 

D s LSTD, COPfO^O-W/tGrown- 

4 It -f X©{B**JM5« 3 tin » i . 
[0 00 3] GfliE)©^«rSi^-rSK:^fcor. 5fe 

■j*, Vya^^stcaxoiiSft-s-^-f^w (Va 

cancy, «TV <hBgf2T& C ) inftfftS 

LM© i , -T > £ -J* 7 s - -f f T to - is V 3 > 
(Interstitial-Si, £TF I £Bg|B-r £ 

c <t -5 ) <b pf « ft z&iF-mmi' y =1 >j£#tfB©-e ft 

[0 0 0 4]i";3>*eg(Cfcl>t > V«J#£tt, v 
acancy, o$ D V'j3>IK)^?.^4t5 

^ y n i/W&ifi&mcW&ir 5CiW9 f££T SKtfc 

■t»J§WWr ~> 'J 3 >JBC?-©#ai^l»«i«© Ci-C^D, -e 

trvi«i 1 montcix, «^>*j&*»ife##»» 

(4>&t,>) x^,-h^;l/ (Neutral. HTNiK 
iETSC ^Jgai^LrOSGiCCfc*. * 

or. ttssyn-wvfcfi (fpd. lstd. co 

B$Kf&£-r s & ©r * K> . ^©JlT-©d 0* s *-3t 
t. fi!fn«Tr*n«. xPBturttfipfiEOttocij&i 
W^rtfc. 

[0005] c©W.^iBI©iSS«. c zffiKiswsfe 

a B B ©?i±ifMe (fissaa) 4*s»*©H*»ffiifi»© 

ifflS4JEG 6** 0 - VM^4 I $I*^i©^ 
l?ffi25fUJOSF (K-fbSfiliSJS^. Oxidat i 
on Indused Stacking Faul 

t) tmxtizxmK *gflfi8fi**tc«rsaa[*fii© 
iffitifc^K, y > vmcftft («T. o s f y > ^ 
<bi^c<f:*s*s) or^5G<»:*5Sis:$nrt,^. 

[0 00 6] Cft6*tSl£ggB©*P§«:> il^©i^a 
4J@?KI?®ia^©iaS^12G*^^C^F , g»3* (*f h 

S^. S7tc^b/cJ;^^ll» : ?FSIiL'r^i=>ns„ 
[0007] -eorcnefeiifiSseHo^Ri^^a-r 
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Si. m^if&S^&^O. 6mm/mi nltSUeUbi 
FISHES *TCtr>4FPD % LSTD, COP9© 

1<D=?4^ (A) ) □ j£fi«K#0. 6mm/m 

i nJHT©*B£tti JSS«a«coi6Tfc^\ OS F y > 

-^iBHi#it6hr^4L/D (Large D i s 
location: tjmiBilSffi^-^©*#. L S E P 10 

d, LFPDf) ©^ffifg^si, cne^Ki 

aV9tiE-r««MBim (L/D«|£t>9CiW* 
&) Watitl^o J5feEiSJK*0. 4mm/ 

^©"P*«:Wlur«WL/ % ^ffitfilMtettS (H7 
(Dvjy (c) ) o 

[ooo8] a/^ a^vis«i i ««©*ia-co s f 
v>#o9mtc* Nmmtmitiz. ^?l*hhcdfp 

D, LSTD, COP4>, «a;U--:/i@H©LSEP 
D, LF PD^m£Lx^rC^I^CDi?ffi^mSnri^ 20 
So CCD««5*OSF y>y©^HHCC*9, fit, R 
m?imm!im*mL. X-ra y«tfffi©3> h 

LSEPD. LFPD#ff2J&£ft£ti<t*y **-Ctt 

(B) ) . 

©NM^tc^l^r, ^P>n^SI& (V. V. Voro 30 
nkov; Journal of Crystal G 
rowth, 59 (1982) 6 25-643) "Cli. 

3i±watt (v) i«saB«WE«i^r°ias^ie (g) 

G#^*f*-?fc»K:, i^SUitfiEKT 1 *** 

[ooio] *crftfi, ffirt©G<z>#*5*3fc&ur % 40 

±^aiSF«r«^R:W3tt3&S63l±tf^CC, *S3LL 
tfSgT N ««#8t£ffitelZ»s o fcteBrt*»fir ^ 5 J: 

ZffiJEbX. *<STfcV/G#-SKttSJ:5K: A 31 
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[0011] C©NfW**S6fc#«T4£* OSF y 

««ccimg-r4N i am c^ra^y =3>#3^«w> 

[0012] <t C 3 #LL8E©<fc 5 CC, £ffiN«W*r* 

0. ««fb«HiLftiiS{cosFy>^*«^'&"r. fro 

^rffifrCFPD. L/D3W?Sl>«t^#e B B B t*S«:fc^ 
**> 6r»ffcBt$dB***U < #fe£T c fc 

t>iPr>tc n fur, cn*s»ffc«»ff#tt©J:5Sc«« 

[0013] 

[»9j3WJB»tUJ:5ir4WB] *C-C*»Btt, CCD 
J: 5 ttM»£W»T&3hfcfe©t\ ^?Ly 7 

osfjm tot«ffn^y3>»j^c[)i« 

«Fttftfil±3**Ci3&JTS*CZffiCcj:4S/y a># 
[0 0 14] 

^s^^^n/cfe©^ *«?a«:#45/y3>* 

>> y a >$i*SB 9 x - ^ tc *a > x % ^.x - ^ £ffi#&K 
fb^LS* LftiESK: y > #RK:f££T£ OSF ©jf-fflkDN 

IWSSL^l^Oti^Ci^ttLtl^ (It 

[0 0 15] COJrSfc, *«l9<DVyrJ>*BS^J. 

cc^-rsosFo^ffl!J60Nffi«r*or, »Cuf 

[0016] for, *»w©»2<Dfi88ir*s^y 3 
>#^a^x- ^ti, ^ 3 ^/i^^-atc^DWES;;* 
n/c^ya^^fefi^x-^ccfcirir, ^x-^^®^ 
smif tffiS^ L/c^^C y > ^kfcss-r * o s f ©w« 

(IB*ffl2) b 

[0017] CCOJ:^^, ^WCDU y 3 >itM£H3 x 

^x-z^ffijMlfcMffciBHa* L/c^cc y >y« 
ocs^rsos FOWBcoNaiSri^r, ^CCuf 



tt»©«»fitt*3&{b jwittK. y » * > y 

ffcftfcWUfc©-?**. 

[00183 yctcHHUtcffSS'y a >*teH,©tSj»75- 

fcJUffltffcteS* LfcBJK y > ^tRlc^T 5 O S F ©# 
»DN«*C*-7T. Cu7 r --i<^^3>K:«fcD^fcB3n 
£fcB*«!W¥«E 1/ ft 1 4MimATH & ftft 3 * io 
5Ci4Sft4l/Tl>5 (BW0B3) . 
[0019]* LTttmW&fV 3>*lta©«JS 

sa^Sf^ o s f y > fiitgtc^tic 
5tf?©sJfi2gi ©m©j$5£ 

i$Ki^LTli»*W^SCi<H*«ibri,»S (ft 
#3«4>. 20 

[0020] cniDOiSMfctnii ts$nfc-> 
>; n x-^ tcMOif tieai« LfcRtc y > ^« 

(C^tSOS F©^<W©N^-C*-3T. ttCCuf 
tfi»a >ttj: 9tfeffi2ft£MftJ^JE^©lifi^£ 
9Wfc3tfi^«WW^OfcV»^«J'y a>«ft* 

[002 1 ] 3 6(c#ISP!K:«'5 3>*ftfi©«fi 
IS&om 2 ©S&fill* . a i> =y }VX * -ffiCt J: 9 ^ y a 

¥tt A* x-^ccMK{tMa% LfcfiSlK: y > fVUcftg. 30 

t50SF©J^|!IONf^-C4->T, Cuf^a^ 
fc«fc i3tftffi$ns^llS««**J«fcC«W«fUl**DK< l> 

[0022] JjpAT. #«9iK:fli45' «j n >¥ttae>S 

wjsrr ssj-^tcfcur. 5i±tf*©^y=i>*fes©^ . 
fi*s***Lfc»£. o s f >; >>?mimicmwrz 

C u 9tJ*5?S/ a >&C<fc 0 t£tti 3 tl i^RIMfljWIIWJ' 5 
**M>fifc*SBSi, 3 6 KJiSSjt££SrjlS b tctg&cm 40 
JR*rH«t£&K: < UN i flWfcW^r 4SW©fiSfiOlS 
i ©m©j££j£l£{aHfll 1/ T lift £W JiW -SCt 
iLTU* (Eff#96) . 

[0023] cnecsss^atcin^ v*-^±w 
*mantsem% l-^isk y > i/tstc^r s o s f©# 

&*ISMi$fc<fctf&*tFrfcB UN i MiS* s ^x 

» * y > i £> Ccfi#&ISft4#* C i jPT « £„ 50 
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[0024] ctte>©t8l:££fc*$t>'c > mhj&r^© 

3Lttf»ft*0. 5mm/mineU:iT5Ci#»i 
g£0. 5mm/m i nJ&Ubi-Tftl*\ #f£HJ©*&K|lg 

[0 02 5] feTF. *»?8lC"0*«IBR:tt9!r *3W, * 

ftfflwc o #^ «>(5?i& l r te < . 

1) FPD (Flow Pattern Defec 

t) it*. jBaMW>5^y3>*«a*#»6 9x-^*gj 

^■OKOIifcUfcgL K, Cr 2 O, £*»i*©8£ 
mrcmm^x."J^>^ (S e c c ol 7 f>i') ^-sc 

li$FPDi»l. >>x-^Hrt©FPD!BS3WSC» 
tti'»fbiBHff©^a*»*it* (1#g§¥4 - 1 9 2 3 4 

[0 02 6] 2) SEPD (S e c c o Etch P 
it Defect) i&J, F P D i |3J — © S e c c o 

x ? ?>tf&mistcmic. mnmm (flow p a t 

tern) *fl£5fc©*F PD iHfC*. «E*T.«SI*#*D 
&l>i©4SEPDii?i!. C©4Jt?l 0 /zmJW±©A 
#USEPD (LSEPD) telte&i'^X^-KljtegTr 
-2>i#x.6tv fvW*R:S£ft:^x£-##ftir&*§ 

[0 02 7 ] 3) LSTD (La s e r Scatte 
ring Tomography Defect) i 
«. y a >#*6ftB* h *> x- ^ *W K> m 

L . «0©S»JI« i ««©ffl£*r ly^^l/ 

ts^3fc*A«o. ■jx-^ffi^eHifcjfe^ai-rsc 
^■c-rt?oc##*s* »j , K5S*TUf!i*%snrt»5 

(jpn. J. Appl. Phys. Vol. 32, 
P 3 6 7 9 , 1 9 9 3#M) . Sj£©W35f B. 

Affi#©sK-f-F (K) -C*5iC»5«*fc«£3*vCl» 

[ 0 0 2 8 ] 4) COP (C r y s t a 1 Or igi 
nated Particle) iti. ^x— /^©I^I J c^ 
W©Hfb«WE*^b3*5JlHitt*^PB'C, Sec 
c ox?^-CUFPDK:&S^|!l#, SC-lSfejff(N 
H 4 OH : H 2 O, : H 2 0= 1 : 1 : 1 0©S^«tC 
£Zmm 78®?i5?>J'Silt#tr > COPfC 

[0029] 5) L/D (Large Disloca 
t i on : tt^niEffiil'- :7©«#) LSEP 
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•S*P§T&.5„ LSEPDB, JJBUfcJ: *) tcS E P D 
©EfJ-Cfe 1 0 /LimW_h©;*;#t,> &©£(,> 5. LF 
PDtt. ±IBL?cFPD©cfirt>^ts> K0^SfS*5 
1 0 AtmJeU:©**^©*^^ feltefi^-^ 
jgH£#A6ftT^4. 
[0 0 3 0] 6 ) Cu 7^i^> a mmt&Vx-- 

[0 0 3 1 ] *ftWtt->x-/>©IME»tt». -?x-/\ 

©asa< «:0j«snfc^iBa!taLh0ifi«K*aE«ur 

S£>©T£>4 0 -OS <3 , Cufsfi^a^B, Cu-Y 
^vas^-rsSKf*©*-?. ^x-;Nii(cMLfci 

[0 03 2] C uf a ^Shfe-Ji-^OiOBS! 

mmm (tem) *fctt^*s^sis«a (sEM)ft? 

[0 0 3 3 ] 

OSF ';>^©JHfflK. FPD. LSTD, COPiDi 

£ . O s F y > ^©smiJtcBBg-f 5. N vggJ^ (£?L©^ 

t>««> i i ««ccgi»r*N i mm floras-"; a> 

BWcKSR#rffUfc9«*< . N i ««-CttWR#fffi3&*«Rt>C 
[0 0 3 4] iC5*s, ±EN«*t?ISII*Tff)iJEL'r 

O S F WftaftflkDN ffittr * o T, *rttiM«iS«iKX 

vmums. vm^ n v «*«©— gutcc u ^^^> a 
g-cffca s *i*$aB*«» u < s£-r sm^s> 4 c 4 * 

[0035]*CT. C©OSF©WM©NM^T£>o 

^^^x-z^sccjAif^ci^-ctntf, Mien* 
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1*1*** (°J±-T 4 C t ifi-C % 4 x - ft -5 C £ 

[0036] *&8#«tt. JWToKtKftfTotaaBs 

(SOU ) H2 (a) ©«gAfc<fctf02 (b) ©§£g 

>4150kgft-yu ^1B«2 6 -f >^5^;l/ 
Sgtcri£S8 -f>3=- (iSm2 0 0mni) . 73&< 1 0 

o >©-> y 3 >#t§A«; i±tf fc. *i£A*3 LBf4 

IS, fi£fiMS*0. 7mm/min*?i0. 3mm/m 

SO© Lfc. $ -5 x -^©gg^lffirts 22~23ppm 
a (AS TM' 7 9ffi> £&S±5K**S»*tt»U 
fc. 

[0037]^lti3 (a) , (b) K^L-fcJ:'? 

20 ffiES8D$J»rU 4ft©^xw^>:7\>l'£{l:igL/c. 4 

g: SEMI LAB WT - 8 5 ) ** itf-ferax y ^> 
yKJ:»JV«J«. OSF« I MJi©§M^©»W 
zatFPD. LEPCD^m ^LtOSFiMK 
cfcSOSF #fe£ttza*P3$ L . &KMm©JiHB&K* 

©rtlfett, S3 (c) CC^Lfci^tC, mMQ-O* 

lf©±, ->x— 'N«ECC!R»ffcil*3gflS0fca. Cut 1 
30 *-S»3>MS*SfeU H{fc«^IB©»^«Sa*«BL 
/c. 

[003 8] ^HIK:*$W5^x-^©PflS#JB*sJ:CJt 

( 1 ) 3l±tffc*»*#*«a**|Sl 1 0 c m«OIS 
tc » ^ #)Br3L «»Sfi«D&rSl«:«fWI 0 «JK 0 . iK) 2 
mmil3 ©•y->7';l'?: 4Mmi*tc. 

( 2 ) ±ffi-9->^© -5 S 1 tScB«> -5 * ->"£iJgiJI£s 

2 0 "C, 2^81. fiBR»BaT{C*Jlr»rJIWIBH«. 
8 0 0-C. 4B#p^ (SSR#ffl§TF) *© 

40 aiooo-c, 1 6 mm < ^ssswsit) m 

^SPO, SEMILAB-SSWJ'Jx-AT-f? 
^-CA (WLT) ©v^SMt/fc (134 (a) , 
(b)#M). Sfc2*JtSttS7-x»9 i >^'fe=2X 
y^>^*JSU, FPDfcii^LEP©^*!!^^ 

Kftjl*l»*l/. OSF©»*tt»€rWBi;)t. Cft6 
0»«*6V«KI. OSFSW. I 
^^©tiSSIS^SISLfc. 
[0 03 9] MA (02 (a ) ) T3f±lf ***§£© 
50 «4lff©fiE5]Slt (H4 (a) #M) tt. ^©«fc5«C^ 
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V««/0 S F MX* : 

OSF?ft'3£«J?: 

C u -r*5» a >^ffiV»S^ : 

#*rltiN ( N i ) ««/ I : 

[0040] mm.B (02 ( b ) ) -csLBf fc*eji© * s„ 

&3t*©J&g»g (04 (b) #M) tt. ^OffltJT** 
V1W/OSF 
OSFIS^I?: 
C u x^y^ a >^?§jg*l? : 

n i *m/ 1 mmm ■■ 

[0 04 1 ] ( 3 ) ±E ( 1 ) (Dm&£M<DtegkW5 ft 
ttt8«I9flKOfcir>^©F*3g|») 1 tfc£iE&6 
©9«-^jiskk:< <3fet*nx (03 (c) #M) U 
gtffi*lto:{±±tf©_k. tfxw%*litcfl!«{fcWBJiS»C 

l)M:2 5nm, 2)il^a:6MV/c 
m. 20 
3) HEEEPftjBfRg : 5»B. 

[0 042] 05{CCuf^i'3>«:J;»)Nv^l4 
fFffiLfofeHSfcin-r. 05(a) ttCuf^3> 
«:<fc 9 ft£0ft^1M«>£fi#4re. ( b ) BC u ? 

T. 06 (a) tt. Cu7 r *i^a>-C^|S§a^£L/ f c 

n v mmowm^-c$> o . (b)», cuf^»a 
[0043] i>xk<ommt>>p>. o s f^(c#s-t*-n 30 

«W©rt. BBR«ftil««£CS«#»Nv«i*«*itc. HfUtX 

ffl $ ft 4fcj6«*©«* t» N v M-Cttl{ti»E«S 
[0 044] (JB*2 ) &K±iMS*%»*it , ra8tB 

(02 (b) ) zm<*>xosF9mi<Dhim®~c$>r>-t. 

C u -rtfi^ a >KR8m ( D n flfift) "C «fc 40 

#ffijt* j: 5tciaaaas*«WL. 5 lb* 

S. . 

1 ) mm :25nm, 2 ) S'JieUe : V > ■ F — 
7'- jP'J ->yn>, 

3)§iffi :8mm 1 , 4 ) «Em«E : 1 m A/ c 
m 1 . 

■€-©f&£. SKtMItE u-<;W;£ 1 0 0 %©H a D a^-e£> o 50 



0. 4 8 4 mm/m i n. 

0. 4 7 2 mm/mi n, 

0 . 4 6 7 mm/m i n, 

0. 4 5 4mm/mi n, 



0 . 5 9 6 mm/m in. 
0. 5 8 7 mm/m i n. 
0 . 5 6 6 mm/m i n. 
0 . 5 2 6 mm/m i n, 
0. 5 10 mm/m i n, 

tc. 

[0045] *mi%mz, &±©3l§rr#6ft/cfcijt 

•c* &„ ##69! ©gr i ©-> y 3 >#^^ B ©S3*^ffitt. 

nmsftfc^ y n x-^tc&&{h#s£ ufc 

Bite y > ^(C^-T SOSF <09m<OUW$TC3b o 
[0 04 6] CO^IlKS^tliWSi, 51 

±tf 4j©-> y 3 >4Uiirofi£tiKft£ffiS L fc*§i^. o 
s f y > ^iwstcsHrr 5Cu x*'^-> a >«C J: ») tft 

[0 047] JlUJaffi^fc^fCA 9 WJ*ShMM*a» 

a* u/cstc y > «^K(c»^-r sosf ©*w*d n«« 

< Lfr nmzmu y =i ^m^^ 1 ? x £ ft 

s. 

[004 8] xk, »2 ©sawffitts M§nfc-> y 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The silicon single crystal wafer characterized by being that in which the defective field 
which is an N field of the outside of OSF generated in the shape of a ring in the silicon single crystal 
wafer raised by the Czochrlski method when the whole wafer surface carries out thermal oxidation 
processing, and is detected by Cu deposition does not exist. 

[Claim 2] The silicon single crystal wafer characterized by being N field of the outside of OSF 
generated in the shape of a ring in the silicon single crystal wafer raised by the Czochrlski method 
when the whole wafer surface carries out thermal oxidation processing, and being that to which 
nickel field which the defective field and precipitation of oxygen which are detected by Cu 
deposition cannot produce easily does not exist in the whole wafer surface. 
[Claim 3] The manufacture approach of the silicon single crystal characterized by growing up a 
crystal in the defect-free field where the defective field which is an N field of the outside of OSF 
generated in the shape of a ring when thermal oxidation processing is carried out to the silicon single 
crystal wafer raised when a silicon single crystal was raised with the Czochrlski method, and is 
detected by Cu deposition does not exist. 

[Claim 4] The manufacture approach of the silicon single crystal characterized by to control to the 
growth rate between the growth rate of the boundary where the defective field detected by Cu 
deposition which remains after OSF ring disappearance when a silicon single crystal is raised with 
the Czochrlski method and the growth rate of the silicon single crystal under pull-up is dwindled 
disappears, and the growth rate of the boundary which a grids transition loop formation generates 
when a growth rate is dwindled further, and to raise a crystal. 

[Claim 5] The manufacture approach of the silicon single crystal characterized by growing up a 
crystal in the field where nickel field which the defective field and precipitation of oxygen which are 
N field of the outside of OSF generated in the shape of a ring when thermal oxidation processing is 
carried out to the silicon single crystal wafer raised when a silicon single crystal was raised with the 
Czochrlski method, and are detected by Cu deposition cannot produce easily does not exist. 
[Claim 6] The manufacture approach of the silicon single crystal characterized by to control to the 
growth rate between the growth rate of the boundary where the defective field detected by Cu 
deposition which remains after OSF ring disappearance when a silicon single crystal is raised with 
the Czochrlski method and the growth rate of the silicon single crystal under pull-up is dwindled 
disappears, and the growth rate of the boundary which nickel field which precipitation of oxygen 
cannot produce easily when a growth rate is dwindled further generates, and to raise a crystal. 
[Claim 7] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 3 
characterized by making the pull-up rate at the time of said crystal growth into 0.5 or more mm/min 
thru/or claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are not V field which is mentioned later, an OSF field, and 
which defective field of an I region, either, and relate to the manufacture approach of of the silicon 
single crystal wafer and silicon single crystal with the electrical property excellent in high pressure- 
proofing with which the oxide-film defect further detected by copper deposition processing is not 
formed, either. 
[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (it is hereafter written as a CZ process) used as the substrate 
has been increasing with detailed-izing of the component accompanying high integration of a 
semiconductor circuit. The defect of a single crystal growth reason in which the oxide film proof- 
pressure property especially called grown-in (Grown-in) defects, such as FPD, LSTD, and COP, and 
the property of a device are worsened exists, and importance is attached to reduction of the 
consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole. With an I region It is the thing of a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (few) will exist. And with [ even if said 
grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition /******/ to the 
last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as 
a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of 
the crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the 
solid-liquid interface. The defect called OSF (an oxidation induction stacking fault, Oxidation 
Indused Stacking Fault) near [ boundary ] V field and an I region When it sees in the cross section of 
the perpendicular direction to a crystal growth shaft, being distributed in the shape of a ring (it being 
hereafter called an OSF ring) is checked. 

[0006] The defect of these crystal growth reason is acquired as a defective distribution map as shown 
in drawing 7 , when a crystal orientation changes a growth rate from a high speed to a low speed 
with CZ pull-up machine with which the temperature gradient G near the solid-liquid interface used 
the large structure in a furnace (hot zone: it may be called HZ) during the usual crystal. 
[0007] And a classification of the defect of these crystal growth reason calls V field the field where 
grown-in defects by which it is considered as the void reason to which hole type point defects 
gathered when a growth rate is a high speed comparatively, the above before and after 0.6 mm/min 
and, such as FPD, LSTD, and COP, exist in high density throughout the direction of the diameter of 
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a crystal, for example, and these defects exist (Rhine (A) of drawing 7 R> 7). Moreover, when a 
growth rate is 0.6 or less mm/min, the field where an OSF ring is generated from the circumference 
of a crystal, the defect of ratios of length to diameter (Large Dislocation: the cable address of the 
dislocation loop between grids, LSEPD, LFPD, etc.) considered to be dislocation loop reasons by the 
outside of this ring exists in a low consistency with the fall of a growth rate, and these defects exist is 
called the I region (it may be called a ratio-of-length-to-diameter field). Furthermore, if a growth rate 
is made into a low speed below 0.4 mm/min order, an OSF ring will condense and disappear at the 
core of a wafer, and the whole surface will serve as an I region (Rhine (c) of drawing 7 ). 
[0008] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor 
LSEPD of a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is 
discovered in the middle of V field and an I region in recent years. It is reported that this field is the I 
region side which is not so rich as there is almost no precipitation of oxygen by being in the outside 
of an OSF ring when oxygen precipitation heat treatment is performed and the contrast of a deposit 
is checked by X-ray observation etc., and LSEPD and LFPD are formed (Rhine (B) of drawing 7 ). 
[0009] Since these N fields existed aslant to growth shaft orientations by the usual approach when a 
growth rate is lowered, they existed only in the part in the wafer side. About this N field, it has 
recited that a parameter called V/G which is the ratio of a pull-up rate (V) and a crystal solid-liquid 
interface shaft-orientations temperature gradient (G) determines the total concentration of a point 
defect by the Voronkov theory (V. V.Voronkov;Journal of Crystal Growth, 59 (1982) 625-643). 
Only a crystal into which a core serves as an I region on the outskirts across N field in V field at a 
certain pull-up rate since it pulls up in a field, and the rate must be regularity and G has distribution 
in a field when it thinks from this was obtained. 

[0010] Then, distribution of G within a field was improved, and when this N-field where that it is 
only slanting existed was pulled up lowering for example, the pull-up rate F gradually, the crystal 
with which N field spread all over width at a certain pull-up rate could be manufactured recently. 
Moreover, in order to expand the crystal of this whole surface N field in the die-length direction, if a 
pull-up rate when this N field spreads horizontally is maintained and pulled up, it can attain to some 
extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
amended and V/G might become fixed to the last as the crystal grew, as it is, the crystal used as a 
whole surface N field could be expanded also in the growth direction. 

[001 1] If this N field is classified further, there is a nickel field (field with much silicon between 
grids) contiguous to Nv field (field with many holes) contiguous to the outside of an OSF ring and an 
I region, and in Nv field, when thermal oxidation processing is carried out, there are many amounts 
of precipitation of oxygen, and it turns out that there is almost no precipitation of oxygen in nickel 
field. 

[0012] However, as mentioned above, when thermal oxidation processing was carried out, in spite of 
having been a whole surface N field and having been the single crystal with which an OSF ring is 
not generated and FPD and ratio of length to diameter do not exist in the whole surface, it turned out 
that an oxide-film defect may occur remarkably. And this is the cause of degrading an electrical 
property like an oxide-film proof-pressure property, it is just inadequate that the conventional whole 
surface is N field, and the further improvement was desired. 
[0013] 

[Problem(s) to be Solved by the Invention] then, the thing by which this invention was made in view 
of such a trouble - it is - a hole - rich V field, an OSF field, and the silicon between grids — it 
belongs to neither of a rich I region, and aims at obtaining the silicon single crystal wafer by the CZ 
process which can raise electrical properties, such as oxide-film pressure-proofing, certainly under 
the stable manufacture condition. 
[0014] 

[Means for Solving the Problem] The silicon single crystal wafer which it succeeded in order that 
this invention might attain said purpose, and is applied to this invention is characterized by being 
that in which the defective field which is an N field of the outside of OSF generated in the shape of a 
ring, and is detected by Cu deposition does not exist, when the whole wafer surface carries out 
thermal oxidation processing in the silicon single crystal wafer raised by the Czochrlski method 
( claim 1). 
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[0015] Thus, the silicon single crystal wafer of this invention is a defect-free wafer with which the 
defective field which is an N field of the outside of OSF generated in the shape of a ring when the 
whole wafer surface carries out thermal oxidation processing, and is detected by especially Cu 
deposition does not exist, and turns into a silicon wafer of the high quality which does not degrade 
electrical properties, such as an oxide-film proof-pressure property, even if it produces a device. 
[0016] And the silicon single crystal wafer which is the 2nd mode of this invention is characterized 
by being N field of the outside of OSF generated in the shape of a ring, when the whole wafer 
surface carries out thermal oxidation processing, and being that to which nickel field which the 
defective field and precipitation of oxygen which are detected by Cu deposition cannot produce 
easily does not exist in the whole wafer surface in the silicon single crystal wafer raised by the 
Czochrlski method (claim 2). 

[0017] Thus, when the whole wafer surface carries out thermal oxidation processing, it is N field of 
the outside of OSF generated in the shape of a ring, nickel field which the defective field and 
precipitation of oxygen which are detected by especially Cu deposition cannot produce easily is the 
defect- free wafer which does not exist in the whole wafer surface, and gettering capacity is also high 
[ a wafer ] while it does not degrade electrical properties, such as an oxide-film proof-pressure 
property, even if the silicon single crystal wafer of this invention produces a device. 
[0018] Next, the manufacture approach of the silicon single crystal concerning this invention is 
characterized by growing up a crystal in the defect- free field where the defective field which is an N 
field of the outside of OSF generated in the shape of a ring when thermal oxidation processing is 
carried out to the silicon single crystal wafer raised when a silicon single crystal was raised with the 
Czochrlski method, and is detected by Cu deposition does not exist (claim 3). 

[0019] And the manufacture approach of the silicon single crystal concerning this invention [ when 
raising a silicon single crystal with the Czochrlski method ] The growth rate of the boundary where 
the defective field detected by Cu deposition which remains after OSF ring disappearance when the 
growth rate of the silicon single crystal under pull-up is dwindled disappears, When a growth rate is 
furthermore dwindled, it is characterized by controlling to the growth rate between the growth rates 
of the boundary which a grids transition loop formation generates, and raising a crystal (claim 4). 
[0020] According to these manufacture approaches, when thermal oxidation processing is carried out 
to the raised silicon single crystal wafer, it is N field of the outside of OSF generated in the shape of 
a ring, and the defect- free silicon single crystal wafer with which the defective field which degrades 
electrical properties, such as oxide-film pressure-proofing detected by especially Cu deposition, does 
not exist can be manufactured. 

[0021] the 2nd mode of the manufacture approach of the silicon single crystal which furthermore 
apply to this invention be characterize by to grow up a crystal in the field where nickel field which 
the defective field and the precipitation of oxygen which be N field of the outside of OSF generate in 
the shape of a ring when thermal oxidation processing be carry out to the silicon single crystal wafer 
raised when a silicon single crystal be raised with the Czochrlski method , and be detect by Cu 
deposition cannot produce easily do not exist ( claim 5 ) . 

[0022] In addition, the manufacture approach of the silicon single crystal concerning this invention 
[ when raising a silicon single crystal with the Czochrlski method ] The growth rate of the boundary 
where the defective field detected by Cu deposition which remains after OSF ring disappearance 
when the growth rate of the silicon single crystal under pull-up is dwindled disappears, When a 
growth rate is furthermore dwindled, it is characterized by controlling to the growth rate between the 
growth rates of the boundary which nickel field which precipitation of oxygen cannot produce easily 
generates, and raising a crystal (claim 6). 

[0023] According to these manufacture approaches, when the whole wafer surface carries out 
thermal oxidation processing, it is N field of the outside of OSF generated in the shape of a ring, and 
nickel field which the defective field and precipitation of oxygen which are detected by Cu 
deposition cannot produce easily can manufacture the defect-free silicon single crystal wafer which 
does not exist in the whole wafer surface. Therefore, oxide-film pressure-proofing and gettering 
capacity can obtain a good crystal. 

[0024] In these manufacture approaches, it is desirable to make the pull-up rate at the time of crystal 
growth into 0.5 or more mm/min (claim 7). Thus, the manufacture margin of 0.5 or more mm/min 
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then the defect-free field of this invention, especially the field in which an oxygen sludge layer is 
formed expands the pull-up rate at the time of crystal growth, and adequate supply becomes possible. 

[0025] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken from each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattern arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4-192345,A). 

[0026] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattern for the thing accompanied by a flow pattern (flow 
pattern) with SEPD. When it is thought in this that large SEPD (LSEPD) 10 micrometers or more 
originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 
[0027] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface 
distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light 
can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer 
observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge 
(Jpn.J.Appl.Phys. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of 
octahedron is also reported by the latest research. 

[0028] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) - it is — Secco ~ by SC-1 washing (washing by 
the mixed liquor of NH4 OH:H2 02:H2 0=1:1:10), the defect set to FPD if dirty works as a 
selection etching reagent, and is set to COP. The diameter of this pit is investigated with light 
scattering measurement by 1 micrometer or less. 

[0029] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large 
Dislocation: cable address of the dislocation loop between grids), and is considered to be a 
dislocation loop reason. A large thing 1 0 micrometers or more is said that LSEPD described above 
also in SEPD. Moreover, also in FPD which LFPD described above, the magnitude of a tip pit says a 
large thing 10 micrometers or more, and it is considered the dislocation loop reason also here. 
[0030] 6) The Cu deposition method measures the location of the defect of a semiconductor wafer 
correctly, raises the sensitiveness to the defect of a semiconductor wafer, measures it correctly also 
to a more detailed defect, and is an appraisal method of the wafer which can be analyzed. 
[0031] The concrete evaluation approach of a wafer destroys the insulator layer on the defective part 
which was made to form the insulator layer of predetermined thickness and was formed near the 
front face of said wafer on the wafer front face, and deposits electrolysis matter, such as Cu, to a 
defective part (deposition). That is, the Cu deposition method is an appraisal method using a current 
flowing to the part to which the oxide film has deteriorated, and Cu ion serving as Cu and depositing 
in the liquid with which Cu ion is dissolved, if potential is impressed to the oxide film formed in the 
wafer front face. It is known that defects, such as COP, exist in the part by which an oxide film tends 
to deteriorate. 

[0032] The defective part of the wafer by which Cu deposition was carried out can be analyzed on 
the bottom of a condensing LGT, or a direct target with the naked eye, can evaluate the distribution 
and consistency, and can also check microscope observation, a transmission electron microscope 
(TEM), or a scanning electron microscope (SEM) further. 
[0033] 

[Embodiment of the Invention] When this invention persons investigated in the detail about the 
boundary neighborhood of V field and an I region about the silicon single crystal growth by the CZ 
process, they found out neutral N field where the outside of an OSF ring has few FPD(s), LSTD(s), 
and COP remarkably, and ratio of length to diameter does not exist in it in the middle of V field and 
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an I region, either. And if this N field is classified further, there is a nickel field (field with much 
silicon between grids) contiguous to Nv field (field with many holes) contiguous to the outside of an 
OSF ring and an I region, and in Nv field, when thermal oxidation processing is carried out, there are 
many amounts of precipitation of oxygen, and it has turned out that there is no precipitation of 
oxygen in nickel field. 

[0034] However, even if it raised the crystal in the above-mentioned N field, there is what has bad 
oxide-film pressure-proofing, and the cause was not found well. Then, when this invention person 
etc. investigated in the detail further about N field by the Cu deposition method, he is N field of the 
outside of an OSF field, and discovered that a part of Nv field which the precipitation of oxygen 
after precipitation heat treatment tends to generate had the field which the defect detected by Cu 
deposition processing generates remarkably. And this traced that it was the cause of degrading an 
electrical property like an oxide-film proof-pressure property. 

[0035] Then, if a field without the defective field which is an N field of the outside of this OSF and 
is detected by Cu deposition can be extended all over a wafer, while said various grown-in defects 
cannot be found, the wafer which can improve an oxide-film proof-pressure property etc. certainly 
will be obtained. 

[0036] this invention person etc! conducted the following experiments, asked for a growth rate and 
the relation of defective distribution, raised the single crystal rod based on the result, and evaluated 
the oxide-film proof-pressure property of a wafer. 

(Experiment 1) MCZ shown in the equipment A of drawing 2 (a), and the equipment B of drawing 2 
(b) law — among crystal pulling equipment (horizontal magnetic field impression), Equipment A 
charged 150kg of raw material polycrystalline silicon to the 24 inch quartz crucible, and Equipment 
B charged 160kg of raw material polycrystalline silicon to 26 inch quartz RUTSUPO, and it pulled 
up the silicon single crystal of the diameter of 8 inches (diameter of 200mm), and bearing <100> 
with each equipment. When pulling up a single crystal, it controlled to dwindle a tail from a crystal 
head in the range of 0.7 mm/min to 0.3 mm/min, applying a growth rate. Moreover, the single crystal 
was produced so that the oxygen density of a wafer might serve as 22 - 23ppma (ASTM79 value). 
[0037] And as shown in drawing 3 (a) and (b), it applied to the tail from the head of the crystal 
pulled up, vertical division cutting was carried out in the crystal orientation, and the four wafers 
sample was produced. Among four sheets, three sheets investigated the distribution situation of each 
field of V field, an OSF field, and an I region, the distribution situation of FPD and LEP, and the 
OSF generating situation by OSF heat treatment by WLT (wafer life time) measurement (measuring 
instrument: SEMILAB WT-85) and SEKOETCHINGU, and checked the growth rate of each field 
boundary. One in the sample which furthermore carried out vertical division cutting in the crystal 
orientation ****-omission-processes a wafer configuration with a diameter of 6 inches, as shown in 
drawing 3 (c), and it is 1. After mirror plane processing finishing, after ** formed the thermal 
oxidation film in the wafer front face, it performed Cu deposition processing and checked the 
distribution situation of an oxide film defect. 

[0038] The evaluation procedure of the wafer in this experiment and detail of an evaluation result are 
given below. 

(1) Vertical division cutting of the single crystal rod pulled up was carried out after block cutting in 
vertical crystal orientation at the die length for 10cm of every crystal orientation, and four samples of 
about 2mm thickness were produced. 

(2) In the wafer heat treating furnace, 800 degrees C and 4-hour (under nitrogen-gas-atmosphere 
mind) heat treatment were performed after heat treatment to the bottom of nitrogen-gas-atmosphere 
mind, it cooled after that after 1000 degrees C and 16-hour (under dry oxygen ambient atmosphere) 
heat treatment, and the 1st in the above-mentioned sample created the map of wafer life time (WLT) 
by SEMILAB-85 for 620 degrees C and 2 hours (refer to drawing 4 (a) and (b)). Moreover, the 2nd 
sheet gave SEKOETCHINGU after mirror etching, and observed distribution of FPD and LEP. And 
the 3rd sheet, it removed the oxide film, and checked the distribution situation of OSF. [ after OSF 
heat treatment ] Each field of V field, an OSF field, and an I region was pinpointed from these 
results, and the growth rate of each boundary was investigated. 

[0039] The growth rate (refer to drawing 4 (a)) of each boundary of the single crystal pulled up with 
Equipment A ( drawing 2 (a)) was as follows. 
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V field / OSF field boundary: 0.484 mm/min OSF disappearance boundary: 0.472 mm/min Cu 
deposition defective disappearance boundary: 0.467 mm/min Non-depositing N(nickel) field / I 
region boundary: 0.454 mm/min, [0040] The growth rate (refer to drawing 4 (b)) of each boundary 
of the single crystal pulled up with Equipment B ( drawing 2 (b)) is as follows. 

V field / OSF field boundary: 0.596 mm/min OSF disappearance boundary: 0.587 mm/min Cu 
deposition defective disappearance boundary: 0.566 mm/min A deposit N(Nv) field / nickel field 
boundary: 0.526 mm/min nickel field / I region boundary : 0.510 mm/min, [0041] (3) the sample 
which carried out vertical division cutting in the crystal orientation of the single crystal rod of the 
above (1) — inner — **** omission processing (refer to drawing 3 (c)) of remaining one sheet was 
carried out to the wafer configuration with a diameter of 6 inches, Cu deposition processing after 
thermal oxidation film formation was performed to the wafer front face after mirror plane processing 
finishing, and the distribution situation of an oxide film defect was checked. The evaluation 
conditions are as follows. 

1) Oxide film : 25nm 2 electrolysis reinforcement: For [ 6 MV/cm and 3 electrical -potential- 
difference impression time amount:] 5 minutes. 

[0042] A Fig. is shown as a result of Cu deposition's estimating Nv field to drawing 5 . Drawing 5 

(a) shows defective distribution of Nv field without the defect according [ (b) ] defective distribution 
of the defective field generated by Cu deposition to Cu deposition. Drawing 6 (a) is as a result of [ of 
Nv field which the defect generated in Cu deposition ] evaluation, and (b) is as a result of [ of Nv 
field which a defect did not generate by Cu deposition ] evaluation. 

[0043] It turns out that the defective field detected by Cu deposition which an oxide film defect tends 
to produce all over Nv field which precipitation of oxygen tends to produce from the above result 
among N fields which exist in an OSF outside exists. In this field, in spite of being Nv field, oxide- 
film pressure-proofing is not necessarily good. It turns out that a result which can be satisfied also 
with the same Nv field of oxide-film pressure-proofing in Nv field without the defective field 
detected by this Cu deposition on the other hand is brought. 

[0044] (Experiment 2) Next, based on the above-mentioned result, using Equipment B ( drawing 2 

(b) ), it was N field of an OSF outside, it was processed into the wafer of mirror plane finishing from 
the crystal which controlled the growth rate and pulled up so that the field which does not include the 
field and nickel field which precipitation of oxygen cannot produce further easily which is not Cu 
deposition defective field (Dn field), either might be aimed at, and the oxide film proof pressure 
property was evaluated. In addition, the C-mode Measuring condition is as follows. 

1) Oxide film : 25nm Two measuring electrode: The Lynn dope polish recon and 3 electrode- surface 
product:8mm2 4 judging current: 1 mA/cm2. 

Consequently, oxide film proof-pressure level was 100% of rate of an excellent article. 
[0045] this invention person etc. repeats examination wholeheartedly, after being based on the 
knowledge acquired in the above experiment, and he hits on an idea to this invention. The 
manufacture approach of the 1st silicon single crystal of this invention is characterized by growing 
up a crystal in the defect- free field where the defective field which is an N field of the outside of 
OSF generated in the shape of a ring when thermal oxidation processing is carried out to the raised 
silicon single crystal wafer, and is detected by Cu deposition does not exist. 

[0046] It will control to the growth rate between the growth rate of the boundary where the defective 
field detected by Cu deposition which remains after OSF ring disappearance when this approach was 
explained based on drawing 1 and the growth rate of the silicon single crystal under pull-up is 
dwindled disappears, and the growth rate of the boundary which a grids transition loop formation 
generates when a growth rate is dwindled further, and a crystal will be raised. 

[0047] The wafer cut down from the single crystal rod raised by the approach described above turns 
into a defect- free silicon single crystal wafer with which the defective field which is an N field of the 
outside of OSF generated in the shape of a ring when the whole wafer surface carries out thermal 
oxidation processing, and is detected by Cu deposition does not exist at all. 
[0048] Next, when the 2nd manufacture approach carries out thermal oxidation processing to the 
raised silicon single crystal wafer, it is N field of the .outside of OSF generated in the shape of a ring, 
and it is characterized by growing up a crystal in the field where nickel field which the defective 
field and precipitation of oxygen which are detected by Cu deposition cannot produce easily does not 
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exist. 

[0049] It will control to the growth rate between the growth rate of the boundary where the defective 
field detected by Cu deposition which remains after OSF ring disappearance when this approach was 
explained based on drawing 1 and the growth rate of the silicon single crystal under pull-up is 
dwindled disappears, and the growth rate of the boundary which nickel field which precipitation of 
oxygen cannot produce easily when a growth rate is dwindled further generates, and a crystal will be 
raised. 

[0050] The wafer produced from the single crystal rod raised by this manufacture approach is N field 
of the outside of OSF generated in the shape of a ring, when the whole wafer surface carries out 
thermal oxidation processing, and nickel field which the defective field and precipitation of oxygen 
which are detected by Cu deposition cannot produce easily can use it as the defect-free silicon single 
crystal wafer which does not exist in the whole wafer surface. 

[0051] Since this wafer is Nv field altogether, when it is heat-treated under nitrogen and a dry 
oxygen ambient atmosphere all over a defect-free field excluding nickel field which precipitation of 
oxygen cannot produce easily, an oxygen sludge layer is formed into bulk. Therefore, the silicon 
single crystal wafer produced from this field has the gettering capacity which oxide-film pressure- 
proofing etc. is not only good, but was excellent. 

[0052] When producing this invention article furthermore, when using CZ pull-up equipment of 
quenching structure which can be raised with the growth rate of 0.5 or more mm/min, the defect-free 
field of this invention, especially the field (Nv-Dn) in which an oxygen sludge layer is formed were 
able to expand more the silicon single crystal used as a raw material, and manufacture top stability 
was able to be maintained. 

[0053] And the shaft-orientations temperature gradient Gc of the crystal solid-liquid interface in the 
crystal center section is small. Although it was not able to mass-produce easily since the growth rate 
margin of this invention article was less than 0.02 mm/min when it was CZ process pull-up 
equipment by which the growth rate of 0.5 mm/min is not exceeded at the time of defect-free field 
manufacture of this invention Gc was large, and in case it was defect- free field manufacture of this 
invention, when it was CZ process pull-up equipment which can attain the growth rate of 0.5 or more 
mm/min, the growth rate margin of this invention article is 0.02 or more mm/min, and was able to 
attain the maximum about 0.05 mm/min. When this invention article was especially manufactured 
with the growth rate of 0.5 or more mm/min as mentioned above, it turned out that the growth rate 
margin of the field where an oxygen sludge layer is formed into BARUGU after heat treatment in 
nitrogen and a dry oxygen ambient atmosphere can be expanded easily. 

[0054] Drawing 2 (a) and (b) explain the example of a configuration of the crystal pulling equipment 
by the CZ process finally used by this invention. As shown in drawing 2 (a), this crystal pulling 
equipment 30 The pull-up room 31, the crucible 32 prepared all over the pull-up room 31, and the 
heater 34 arranged around a crucible 32, It has the reel style (not shown) which rotates or rolls round 
the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism (not 
shown), the seed chuck 6 holding the seed crystal of silicon, the wire 7 that pulls up a seed chuck 6, 
and a wire 7, and is constituted. A quartz crucible is prepared in the side in which a crucible 32 holds 
the silicon melt (molten bath) 2 of the inside, and the graphite crucible is prepared in the outside. 
Moreover, the heat insulator 35 is arranged around [ outside ] the heater 34. 

[0055] Moreover, in order to set up the manufacture conditions in connection with the manufacture 
approach of this invention, the annular graphite cylinder (thermal insulation plate) 9 is formed. 
Moreover, what was shown in drawing 2 (b) has formed the annular outside heat insulator 10 in the 
periphery of the solid-liquid interface 4 of a crystal. This outside heat insulator 10 prepares spacing 
of 2-20cm between that lower limit and surface of hot water 3 of silicon melt 2, and is installed in it. 
Furthermore, coolant gas may be sprayed or the tubed cooling system which interrupts radiant heat 
and cools a single crystal may be formed. Independently, by installing the magnet which is not 
illustrated in the horizontal outside of the pull-up room 3 1 , and impressing magnetic fields, such as a 
horizontal direction or a perpendicular direction, to silicon melt 2, the convection current of melt is 
controlled and, recently, the so-called MCZ method for measuring the stable growth of a single 
crystal is used in many cases. 

[0056] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. 
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First, within a crucible 32, the high grade polycrystal raw material of silicon is heated more than the 
melting point (about 1420-degreeC), and is dissolved. Next, the tip of seed crystal is made contacted 
or immersed in the surface abbreviation core of melt 2 by beginning to roll a wire 7. Then, while 
rotating the crucible maintenance shaft 33 in the proper direction, single crystal growth is started by 
rolling round rotating a wire 7 and pulling up seed crystal. Henceforth, the single crystal rod 1 of an 
approximate circle column configuration can be obtained by adjusting a pull-up rate and temperature 
appropriately. 

[0057] In this case, in this invention, especially in order to attain the purpose of this invention, as 
shown in drawing 2 (a) or drawing 2 R> 2 (b), in the periphery space of the liquefied part in the 
single crystal rod 1 on the surface of hot water of the pull-up room 31, it is important to have formed 
the annular graphite cylinder (thermal insulation plate) 9 and the outside heat insulator 10 so that the 
temperature region from the melting point of the crystal near the surface of hot water to 1400 
degrees C could be controlled. 

[0058] Namely, what is necessary is to form the outside heat insulator 10 in the pull-up room 31, and 
just to set spacing on this lower limit and the front face of melt as 2-20cm, in order to control 
whenever [ this furnace temperature ], for example, as shown in drawing 2 (b). If it carries out like 
this, whenever [ furnace temperature ] is also controllable so that the difference of the temperature 
gradient Gc of a crystal center part [**/cm] and the temperature gradient germanium of a crystal 
circumference part becomes small, for example, the direction of the temperature gradient of the 
crystal circumference becomes lower than a crystal center. This outside heat insulator 10 is in the 
outside of the graphite cylinder 12, and has formed the heat insulation cylinder 1 1 also inside the 
graphite cylinder 12. Moreover, the graphite cylinder 12 top is connected with the metal cylinder 13, 
and a cooling dome 14 is on it, and it is pouring and carrying out forced cooling of the cooling 
medium. 

[0059] When the silicon single crystal wafer which slices the silicon single crystal manufactured by 
the manufacture approach of the silicon single crystal described above, and is obtained carries out 
thermal oxidation processing to a wafer, it is a defect-free wafer with which the defective field which 
is an N field of the outside of OSF generated in the shape of a ring, and is detected by Cu deposition 
does not exist. Or when the whole wafer surface carries out thermal oxidation processing, it is N 
field of the outside of OSF generated in the shape of a ring, and nickel field which the defective field 
and precipitation of oxygen which are detected by Cu deposition cannot produce easily is the defect- 
free wafer which does not exist in the whole wafer surface. 

[0060] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0061] For example, in the above-mentioned operation gestalt, although the example was given and 
explained per when a silicon single crystal with a diameter of 8 inches was raised, this invention is 
not limited to this but can be applied also to the diameter of 10-16 inches, or the silicon single crystal 
beyond it. Moreover, it cannot be overemphasized that this invention is applicable also to the so- 
called MCZ method for impressing a level magnetic field and length magnetic field, a cusp field, etc. 
to silicon melt. 
[0062] 

[Effect of the Invention] As explained above, according to this invention, it is not V field, an OSF 
field, and which defective field of an I region, either, and the silicon single crystal wafer with the 
electrical property excellent in high pressure-proofing with which the oxide-film defect further 
detected by Cu deposition processing is not formed, either can be supplied stably. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing the growth rate of this invention, and the relation of 
crystal defect distribution. 

[Drawing 2] It is the schematic diagram of the crystal pulling equipment used by this invention. 

(a) Equipment A (b) equipment B. 

[D rawing 3 ] (a) It is the related Fig. showing the relation between a single crystal growth rate and a 
crystal cutting location. 

(b) It is the explanatory view showing the OSF shrink rate of each pull-up equipment. 

(c) It is the explanatory view showing the production approach of Cu deposition evaluation sample. 
[Drawing 4] It is the WLT map of the crystal orientation of the single crystal raised with the crystal 
pulling equipment used by this invention. 

(a) Equipment A (b) equipment B. 

[Drawing 5] It is a Fig. as a result of observing the defective distribution in Nv field by Cu 
deposition. 

(a) Cu deposition field Nv field without the (b) defect. 

[Dr awing 6 ] It is a Fig. as a result of measuring the oxide film proof-pressure level in Nv field, 
(a) It is a defective generating field by Cu deposition. Nv field which the (b) defect did not generate. 
[Drawing 7] It is the explanatory view showing the defective distribution of a growth rate and a 
crystal by the Prior art. 
[Description of Notations] 

1 — a growth single crystal rod, 2 — silicon melt, 3 -- surface of hot water, and 4 — a solid-liquid 
interface, 6 - seed chuck, 7 — wire, and 9 — a graphite cylinder, 1 0 — outside heat insulator, 1 1 — 
inside heat insulation cylinder, and 12 — a graphite cylinder, 13 — metal cylinders, 14 — cooling 
dome, and 30 — crystal pulling equipment, 31 — pull-up room, 32 — crucible, and 33 — a crucible 
maintenance shaft, 34 - heater, and 35 - heat insulator. A V--V field, a N--N field, OSF - An OSF 
ring and an OSF field, I — An I region, a Nv— Nv field, a nickel— nickel field, Dn— Cu deposition 
defective field. 
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[Drawing 1] 
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[Drawing 3] 
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[Procedure revision] 

[Filing Date] April 25, Heisei 15 (2003. 4.25) 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 4 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 4] The manufacture approach of the silicon single crystal characterized by to control to the 

growth rate between the growth rate of the boundary where the defective field detected by Cu 

deposition which remains after OSF ring disappearance when a silicon single crystal is raised with 

the Czochrlski method and the growth rate of the silicon single crystal under pull-up is dwindled 

disappears, and the growth rate of the boundary which the dislocation loop between grids generates 

when a growth rate is dwindled further, and to raise a crystal. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0010 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0010] Then, distribution of G within a field was improved, and when this N-field where that it is 
only slanting existed was pulled up lowering for example, the pull-up rate V gradually, the crystal 
with which N field spread all over width at a certain pull-up rate could be manufactured recently. 
Moreover, in order to expand the crystal of this whole surface N field in the die-length direction, if a 
pull-up rate when this N field spreads horizontally is maintained and pulled up, it can attain to some 
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extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 

amended and V/G might become fixed to the last as the crystal grew, as it is, the crystal used as a 

whole surface N field could be expanded also in the growth direction. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0019 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0019] And the manufacture approach of the silicon single crystal concerning this invention, It is 

characterized by controlling to the growth rate between the growth rate of the boundary where the 

defective field detected by Cu deposition which remains after OSF ring disappearance when a silicon 

single crystal is raised with the Czochrlski method and the growth rate of the silicon single crystal 

under pull-up is dwindled disappears, and the growth rate of the boundary which the dislocation loop 

between grids generates when a growth rate is dwindled further, and raising a crystal (claim 4). 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0041 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0041] (3) the sample which carried out vertical division cutting in the crystal orientation of the 
single crystal rod of the above (1) — inner --**** omission processing (refer to drawing 3 (c)) of 
remaining one sheet was carried out to the wafer configuration with a diameter of 6 inches, Cu 
deposition processing after thermal oxidation film formation was performed to the wafer front face 
after mirror plane processing finishing, and the distribution situation of an oxide film defect was 
checked. 

The evaluation conditions are as follows. 

1) Oxide film : 25nm 2 field strength: 6 MV/cm, 

3) Electrical-potential-difference impression time amount : for 5 minutes. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0046 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0046] It will control to the growth rate between the growth rate of the boundary where the defective 
field detected by Cu deposition which remains after OSF ring disappearance when this approach was 
explained based on drawing 1 and the growth rate of the silicon single crystal under pull-up is 
dwindled disappears, and the growth rate of the boundary which the dislocation loop between grids 
generates when a growth rate is dwindled further, and a crystal will be raised. 



[Translation done.] 
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